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WATER RESOURCES DEVELOPMENT PROJECT

SAXONVILLE LOCAL PROTECTION
SUDBURY RIVER
MERRIMACK RIVER BASIN
FRAMINGHAM, MASSACHUSETTS

A. PERTINENT DATA

PURPOSE Flood Control
LOCATION
State Massachusetts
County Middlesex
Town Framingham
Village Saxonville, about 20 miles west
of Boston
River Sudbury, about 15 miles upstream
of its mouth at the Concord River
River Basin Merrimack

RECORD FLOODS

Flood
Date Peak Discharge* Flevation*
(cfs) {msl)
March 1936 2,050 125.5
July 1938 1,800 125.1
September 1954 2,850 127.6
August 1955 4,400 129.6
March 1968 2,100 127.0
% At Concord Street Bridge
STANDARD PROJECT FLOOD
Drainage Design
Area Discharge
(sq. mi.) {cfs)
Sudbury River at Concord
Street Bridge 86 10,000
Sudbury River at confluence
w/Cochituate Brook 106 11,900



AREAS ON LEFT BANK OF SUDBURY RIVER

Inundated by 1955 flood of record, acres 22
Subject to Standard Project Flood inun-
dation, acres 29
Protection against 1955 flood, acres 16
Protection against Standard Project Flood,
acres 23
Type of area protected Industrial, commercial,

public and residential

FLOOD WALLS

At Saxonville Pond Gravity Type, Concrete

Top elevation 154.2 msl

Length 170 feet

Maximum height 10.2 feet

Stations 0+00 to 2+00 L-Type, reinforced concrete, anchored base
Top elevation 137.0 msg]

Maximum height 21.5 feet

Maximum base width 20 feet

Stations 2+00 to 3+20 - T-Type, reinforced concrete

Top elevation 137.0 msl

Maximum height 27.5 feet

Maximum base width 26.8 feet

Stations 3+20 to 6+50 T-Type, reinforced concrete

Top elevation 137.0 msl

Maximum height 31.0 feet

Maximum base width 27.5 feet

Stations 6+50 to 6+80 I-Type, reinforced concrete and steel sheet
Top elevation 137.0 msl piling
Maximum height above grade 10 feet

Stations 18+83 to 1920 I-Type, reinforced concrete and steel sheet
Top elevation 136.5 msl plling
Maximum height above grade 10 feet

Stations 19+20 to 22+00 T-Type, reinforced concrete

Top elevation 136.5 msl

Maximum height 26.0 feet

Maximum base width 19.5 feet



FLOOD WALLS

Stations 22+75 to 24+10

I-Type, reinforced concrete and steel sheet

Top elevation 136.0 msl piling
Maximum height above grade 10 feet
At Danforth Street Gravity-type concrete

Top elevation 135.0 msl, Max.

Length 40 feet

Maximum height 8.5 feet

DIKE

Type Earthfill with rock slope protection
Top elevation Varies 137.0 to 134.5 msl

Top width 12 feet
Maximum height 23 feet

Slopes Riverside 1 on 2.5: Landside 1 on 2
Total length 2,500

PUMPING STATION

Substructure Reinforced concrete

Size 24'-9"x17'-5"

Pumps 2 Axial flow pumps

Pump capacity, each 10,500 GPM, 17' static head
Engines Diesel

Gravity discharge line 4'-0" x &4'-0" Reinforced concrete

CONCORD STREET GATE

Location Concord Street
Type Steel fwing Miter
Size opening 55 feet

Operating mechanism Hand operated



B. _INTRODUCTION

1. PURPOSE. The purpose of this memorandum is to present for review
and approval the basic design criteria for the structures to be
included in the Saxonville Local Protection Project, Framingham, Mass~
achusetts. The basic criteria, typical design computations, and other
pertinent data are presented.

2. SCOPE. This memorandum covers the design of the concrete flood-
walls, the street gate structure and the pumping station.

3. PREVIOUS REPORTS. A detailed report on the design of the struc-
tural features for this project has not been previously submitted.

The latest previous description of the proposed structures is contained
in the recommended project plan in Design Memorandum No. 2, "Phase IT,
General Design,” submitted 26 July 1974, Design Memorandum No. 2 also
contains the detailed geological studies for the project and a descrip-
tion of the foundation materials upon which these structures will be
founded. The basic hydrology and hydraulic design criteria for this
project is contained in Design Memorandum No. 1, "Hydraulic Analysis,"
submitted 12 December 1972 and approved 23 February 1973.

4. LOCATION. The project area is located along the left bank of the
Sudbury River in the village of Saxonville, Framingham, Massachusetts.
The protection works extend from the Saxonville Pond Dam at Central
Street to the Danforth Street Bridge, a total distance of about 3,800
feet. A general plan of the project area is shown on Plate 5-1.

5. DESCRIPTION OF PROJECT. The proposed protection plan requires
about 2,500 feet of earth dikes, 1,000 feet of channel realignment,
1,340 feet of concrete floodwalls, a street gate structure, a concrete
intake structure, a pumping station and interior drainage. A miaimum
freeboard of 3 feet for earth dikes and 2 feet for concrete floodwalls
has been provided in the design of the proposed project. Plans and
elevation of the project are shown on Plates 5-2 through 5-4.

C. FOUNDATIONS

6. FOUNDATION CONDITIONS.

a. General. 1In general, the project will be built through
an area of artificial fills up to 10 feet thick and underlain in places
by organic silts as thick as 4 feet, across an area of marshy materials
involving minor stripping and, lastly, across the existing river bed
itself which is alluvium up to 8 feet thick. All of these materials
overlie glacial materials, largely glacial lake deposits, up to 40 feet
thick; the principal exception 1s the area north of station 0+50, where



glacial till is at the surface and bedrock is very shallow. Bedrock
outcrops upstream at the base of the existing Saxonville Pond Dam and
the bedrock is chloritic schist.

b. Concrete Structures. Concrete floodwalls will include an L-Wall
from Station 0+00 to about Station 2+00 founded on bedrock, a T-wall from
Station 2400 to Station 6+50 founded on bedrock, glacial till and silty
gravel, and a T-wall between Station 19420 and Concord St. founded on
sandy silt. The I-wall from Station 22+75 to about Station 24410 will
be constructed through approximately 7 feet of manmade fill into a loose
silty fine sand and fine sandy silt. The concrete gate structure
for Concord Street will be founded on a sandy silt foundation about
12 feet below the street surface. The foundations for the pumping
station and sluice gate structures will be founded on loose to moderately
compact sandy silts at depths of 5 feet and 10 feet below the ground
surface, respectively.

c. Foundation Design. Detailed foundation design studies will be
presented in Design Memorandum No. 4, "Embankments and Foundations."

D, CONCRETE

7. GENERAL. Concrete for this project will be supplied from nearby
commercial sources that were previously found acceptable for use in
Civil Works Projects. Concrete materials will be discussed in detail
in Design Memorandum No. 3, "Concrete Materials."

E. ARCHITECTURAL DESIGN

8. ARCHITECTURAL DESIGN. Architectural design of structures and
facilities required for this project will be based upon the application
of aesthetic criteria to the functional needs and to provide a harmonious
relationship with the suburban environment. Although the immediate
environs of the project are primarily commercial and industrial, Concord
Street is a "gateway" access to the village for residents. The area
between the earth dike and the east side of Concord Street 1s also
programmed for approximately 75 low-rise apartments, town houses, or
gimilar housing under redevelopment authority auspices. The property
adjacent to the east end of the vehicular gate at Concord Street is a
well maintained residence with landscaped grounds extending to the river
edge. The existing bridge across the river is a concrete structure

with panelled concrete railing. tandscaping and other visual amenities
which provide additional aesthetic enhancement to the project are de-
scribed in Design Memorandum No. 2, Phase 2, "General Design."

From the public standpoint, the principal structure of this project
is the flood wall with vehicular gate structure at Concord Avenue. The
top of the wall is approximately ten feet above the road level and, for
the most part, within unobstructed view. Primary aesthetic consideration



will be to provide simple mass and texture relationships which are
commensurate with the functional requirements. Exposed concrete finish
of those elements will be Class A. Use of textured form liners and
feature strips will be utilized to provide a formal configuration on
the river side of the wall and adjacent to the commercial property at
the west side of the gate. 1In addition, existing gas light standards
along the present parking lot, at the location of the floodwall, will
be relocated and uniformly spaced along the wall to coincide with the
wall pattern. Monolith blocks of concrete extending thirty inches
above grade will be installed between the light standards to provide
protection for the wall. The wall face adjoining the private residence
will have an informal pattern of projections and texture to create a
harmonicus relationship with the landscaping and human scale. See
Plate 5-12.

A small pumping station will be located within a "commercial"
zoned area. The locus of the structure places it in an undeveloped
area of level ground with sparse vegetation. The facades will be
designed with functionally required apertures, light colored brick
faced masonry walls, and concrete foundations and trim. See Plate 5-8.

Concrete finish on the river face of the flood wall adjacent to
the industrial building will be Class C.

All exposed surfaces of concrete not otherwise described will
have a Class B finish.

Provisions for the handicapped are not required in connection
with the architectural design. Exterior work in areas of publie
access or use will reflect required criteria for handicapped persons
as appropriate.

F. STRUCTURAL DESIGN

9. GENERAL. This section presents the design criteria, basic data,
assumptions, and the procedures used in the structural design of concrete
flood walls, steel sheet pile flood walls, steel flood gate with sup-
porting structure, and the pumping station. Typical computations are
included in Appendix A showing the stability, maximum loading conditions,
and typical designs for critical sectionms. Typical design sections

and graphical presentation of loading conditions are shown on Plates

5~5, 5-6, 5-7, and 5-9.

10. DESIGN CRITERIA.

a. General. All working stresses conform to those specified in
the working streases for structural design EM 1110-1-2101, dated



1 November 1963. General loading conditions,design assumptions and
other design criteria are based on the following applicable parts of
the Engineering Manual for Civil Works: Standard Practice For Concrete
(EM 1110-~-2~2000, Rov 1971 ), Retaining Walls (EM 1110-2-2502, dated

May 1961), Wall Design (EM 1110-2-2501, Change 3, dated 18 June 1962),
Structural Design of Pumping Station (EM 1110-2-3104, dated 9 June
1958), and Details of Reinforcement - Hydraulic Structures, (EM 1110-2-
2103, dated 21 May 1971).

b. Concrete. Concrete working stresses are in general accordance
with ACI Standard Building Code Requirements for Reinforced Concrete
(ACI-318-63), using concrete with a2 minimum ultimate compressive
strength of 3,000 1bs. per square inch.

Flexure (Extreme fiber stresses in compression) - P.S.T.
Roof and floor systems of Pumping Station -~ 1350
All other concrete - 1050

c¢. Reinforcement.

(1) Grade and Working Stress. All reinforcement In the structures
including temperature and shrinkage reinforcement, is designed for the
working stresses of new billet steel, intermediate grade, deformed bars
which is 20,000 p.s.1. in tension. The reinforcement will conform to
the requirements of Federal Specification QQ-$-632, Type II, Grade C, and
to ASTM A-305-56T.

(2) Spacing. The clear distance between parallel bars will not
be less than 1-1/2 times the nominal diameter of the bars except that in
no case will the clear distance between parallel bars be less than
l-inch, or 1-1/2 times the maximum size of the coarse aggregate.

(3) Minimum Cover for Principal Reinforcement.

Item Min. Cover {inches)

Flood Walls

Bottom of flood wall base slabs 6"
All other surfaces 4"

Pumping Station

Interior slabs 1-1/2"
Interior girders and beams 1-1/2"
Concrete exposed to water 4"
Bottom of base slab 6"
Concrete above grade (interior) 2"



(4) Splices. All splices shall be lapped splices in accordance
with the ACI Building Code. Tension splices will be staggered longi-
tudinally so that no more than half the bars are gpliced at any sec-
tion within the required lap length,

(5) Temperature and Shrinkage Reinforcement. Temperature and
shrinkage reinforcement 1s provided where the main reinforcement extends
in only one direction. Such reinforcement will provide for a ratio
of steel area to concrete area of .00l at each face with a minimum
of No. 4 bars at 12-inch centers in thin sections and a maximum of
No. 6 bars at 12 inches in thick sections. A minimum ratio of steel
area to concrete area of .0025 is provided for the roof slab of the
pump house.

d. Structural Steel. Structural steel working stresses are in
general accordance with the requirements of EM 1110-1-2101, Working
Stresses for Structural Design using Column B which is for hydraulic
gtructures. Steel conforming to the requirements of ASTM A-36 will be
used for the framing members and skin plates of the vehicular gate.

e. Cast Steel. Hinge shoe castings for the Concord Street gate
will be made of cast steel conforming to QQS-681d, Class 70-36 having a
tminimum yleld strength of 36,000 p.s.i. and a working strength of
18,000 p.s.1i.

f. Bushings and Pins. Hinge bushings will be corrosion resistant
self aligning ball type. Hinge pins will be of corrosion resistant
steel (SS-410 condition "T", minimum yield 80,000 p.s.1.).

8. Increase in Working Stresses. Allowable working stresses have
not been increased for any loading conditions.

h. Waterstops. Rubber or polyvinylchloride waterstops will be used
in all concrete contraction and expansion joints.

11. BASIC DATA AND ASSUMPTIONS

a. Loads.

(1) Dead Loads

Concrete 150 p.ce.f.
Steel 490 p.c.f.
Soll, saturated 125 op.c.f.
Soil, submerged 62 p.c.f.
Rock, channel protection (in place) 140 p.c.f.
Soil, saturated (compacted) 140 p.c.f.
Soil, submerged (compacted) 78 p.c.f.



(2) Live Loads

Water 62.5 p.c.f.

Wind 50 p.s.f.

Pump house roof slab 30 p.s.f.

Pump house operating floor slab 340 p.s.f.

Pump house operating floor beams 100 p.s.f. plus
equipment loads

Highway A.A.5.H.O. HS-20

b. External Water Pressure. Hydrostatic pressure under maximum
flood condition is taken as full pressure on riverside of flood walls and
varying from full head at bottom of riverside base to zero at ground
surface landside by the creep method. For the pump house, hydrostatic
pressure is taken as the head to ponding elevation uniformly distributed
over the base slab area.

c. Earth Pressure. Earth pressures were determined in general
accordance with EM 1110-2-2502, Retaining Walls, dated 29 May 1961.

d. FEarthquake Forces. An earthquake force of 0.1 times the gravity
loads (Moderate Damage - Zone 2) will be considered in the design of
the masonry wall reinforcing for the pump house superstructure.

e. Frost Protection. All structures will have a minimum of 4'-6"
cover for frosat protection.

f. Uplift Factor of Safety. The empty pumping station has a
factor of safety against uplift =1.8.

g. Location of Resultants. In the investigations for stability of
walls, the resultant of the horizontal and vertical forces has been held
within the middle half of the base when flood is at the top of the wall
and within the middle third of the base when flood is within three feet
of the top of the wall.

h. Sliding. Sliding of concrete flood walls will be resisted
either by friction on the base slab when it is within allowable limits
or by passive pressure. In either case, a factor of safety of 1.5 against
sliding is provided for in design. Sliding is not a conglderation in
design of pumping station.

12. PREPARATION OF DESIGN COMPUTATIONS. Extensive use of computer
programming has been used in preparing computations. The mathatron
desk-top computer was used to analyze the structures when appropriate
programs were available.




13. DESIGN OF STRUCTURES.

a. General. The structures required as part of this project
include an "L" shaped flood wall approximately 200 feet in length,
two section of T-type flood walls, 450 feet and 280 feet in length,
three sections of concrete capped I-type sheet pile walls totaling
200 feet in length, and two relatively low concrete gravity walls.
Miscellaneous structures include an intake structure at Saxonville
Pond, a vehicular flood gate at Concord Street, and a pumping station.
Consideration was given to the protection of existing building foun-
dations adjacent to the flood walls during construction.

b. L-Type Flood Wall.

(1) General. The L-type wall to be constructed from Station
0+00 to Station 2400 will provide the protection adjacent and parallel
to Mill Building No. 3 in the Saxonville Industrial Park, with the
landside face of stem located three feet from the building line. The
space between the building and wall will be filled with gravel and an
underdrain connected to the pumping station will be installed in this
fill to intercept seepage. The wall base will be founded on bedrock
which lies approximately four feet below the existing stream bed.

Rock anchors will be utilized to economically meet stability require-
ments for flood loading. From available data, the bottom of foundation
of the existing building appears to be located approximately 2.5

feet above and three feet horizontally from the bottom of the proposed
wall base. Shorter than normal lengths of monolith will be specified
for this wall to minimize the length of excavation open adjacent to

the building at any one time.

(2) Loading Conditions.

(a) Loading 1 - Water surface to top of wall riverside. 100%
uplift on riverside bottom of base varying uniformly to an uplift
landside assuming water at the basement floor of the buflding. Re-
sultant of forces to fall within the mid-half of the base.

(b) Loading II - Same as Loading I, except water surface three
feet below the top of the wall and the resultant of forces to fall
within the middle-third of the base.

(¢) Loading III - Channel empty and active earth with parking
surcharge behind wall considering building removed, 50 1lbs. per
square foot wind applied from landside,

(3) Typical Design Section. Design computations are included
in Appendix A for the typical wall section. A detail of the typical
wall section and loading conditions are shown on Plate 5-6. 1In the
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design, no landside passive resistance was assumed. An adequate

factor of safety against sliding is available considering only the
static frictional resistance of the concrete base on the bedrock.
Bearing pressures are well within allowable values. Drilled in anchors
will be provided to engage the rock mass assumed Iin the stability
analysis.

c. T-Type Flood Walls.

(1) General. T-type flood walls will be utilized for approx-
imately 730 feet of protection. Two design sections have been developed
for the reach of wall extending from Station 2+00 to Station 6+50. From
Station 2400 to Station 3420, the wall will have a flat base founded on bedrock.
The downstream portion of this reach will be founded on sand and gravel
801l utilizing a sloping base to resist horizontal forces. One typical
sloped base design section suffices for the reach of wall extending
from Station 19420 downstream to the vehicular gate. This wall will
be founded on a sandy silt soil.

(2) Lloading Conditions.

(a) Loading I - Water surface to top of wall riverside. Uplift
is asgsumed varying from full head at bottom of base slab riverside to
zero at the ground surface landside by method of creep. Resultant to
fall within the middle-half of base.

(b) Loading 1I -~ Same as Loading I, except water surface 3 feet
below the top of the wall and the resultant of force to fall within the
middle~third of the base.

(c¢) Loading III - Channel empty, 50 1lbs. per square foot wind
load applied from landside. A 2'-0 earth surcharge on landside in
addition to the wind load is applied to allow for vehicular parking
along the wall. Resultant of forces to fall within middle~third of
base under this loading condition.

(3) Typical Design Sections. Computations are included in
Appendix A, for the T-wall design sections previously noted. The
typical "T" wall design sections are at Stations 2+80, 5+50, and
20+00. Graphical presentations of the loading conditions and typical
design sections are shown on Plate 5-5. Special monoliths at angle
points and at point where the corner of an existing building is within
base of wall will be checked during preparation of contract documents.

d. I-Type Flood Walls.

(1) General. The two upstream sections of the I-type wall,
Station 6+50 to 6+80 and Station 18+85 to 19420, serve as transitions

11



between the juncture of the T-type flood walls and earth dike. The
section adjacent and downstream of the vehicular gate is used to de-
crease the height of earth dike; thereby, minimizing encroachment on
adjacent property. In all instances, the height of protection provided
by the I-type wall is limited to ten feet. The walls will consist

of PZ-32 steel sheet piling driven through the dike fills to a required
penetration. The portion of wall extending above grade and the top
5'-6" portion below grade will be constructed of reinforced concrete.
The piling will be embedded 4 feet into the concrete sgection. The
bottom of sheeting will be determined by seepage consideration in
addition to stability requirements where the wall Joins adjacent
structures,.

(2) Loading. The critical loading used in design of the I-walls
assumes water at the top of the wall riverside and at the ground sur-
face landside. Ground surface is assumed at the same level on both
sides of the wall.

{(3) Typical Design Section. The design computations for the
I-wall downstream of the vehicular gate are included in Appendix A. This
wall has the maximum protection height of 10 feet and the least favor-
able soil conditions encountered at any of the three I-wall locations.
Similar procedures will be followed in the design of I-walls for the
other locations and for lesser heights of protection. Plate 5-6 of
this memorandum shows details of this maximum design section and assumed
loading.

e. Concrete Gravity Walls.

(1) General. Low concrete gravity walls will be utilized at
two locations. One wall will be constructed at the upstream end of the
project adjacent to Saxonville Pond east of the existing dam. It will
extend from an existing wall and run parallel with Central Street to
the intake structure and thence from the intake structure to Water
Street. The layout and connection to the intake structure will be de-
termined in final design. The top of the wall will be at Elevation
154.2, approximately 5'-9" above grade. The second wall is located
at the downstream end of +the project adjacent to the end of the dike
at Danforth Street. The top of the wall is set at Elevation 135.0,
6 inches above the top of the abutting dike. The bottom of wall is
set at Elevation 126.5, approximately 4'-6" below existing sidewalk
grade. The town of Framingham has recently awarded a contract for the
design of a relocated Danforth Street Bridge. It is anticipated that
the bridge design and layout will eliminate the requirements for this
wall by the time construction documents are prepared.

(2) Loading Condition. The critical loading for the gravity
walls is when flood is at top of the protection waterside and at the

12



ground surface landside. For this loading, the resultant falls within
the middle-third of the base.

(3) Typical Design Sections. Typical design calculations have
been included in Appendix A. Plate 5-6 shows the assumed wall loading.

f. Concord Street Gate.

(1) General. The street gate will be a miter type steel gate
and will close a 55' clear opening between abutment walls at Concord
Street during flood conditions. When closed the gate will have a base
angle of 309 with a line normal to the center line of opening. When
folded back into the abutment, the skin plate will be on the exposed
side, thereby presenting a more pleasing appearance. A concrete mon-
olith containing a base slab, sill and gate housing will support the
gates and serve as the flood wall 1in this reach of the river. The
design of the structure is similar to the T-type walls described
herein. Soil conditions at the location of the gate supporting structure
require that it be designed as a monolith to eliminate the effects of
expected differential settlements. Because the structure will be
viewed by the traveling public from nearby residences and establish-
ments, exposed surfaces of concrete abutments will be architecturally
treated. Surfaces of flood walls adjacent to the gate structure
facing on existing residence and business establishments will be
similarly treated. Plate 5-7 shows details and loading of the gate and
abutment monoliths.

(2) Elevations and Dimensions. The following critical eleva-
tions and dimensions are established for the vehicular gate.

Elevation of top of sill 127.3
Elevation of top cf gate 136.0
Elevation of bottom of base slab 115.0
Height of gate leaf 8.7

(3) Loading Conditions.

(a) Loading I - Storm condition with water to the top of closed
gate, uplift varying from full head at bottom of base riverside by
creep method to zero at ground surface landside and the resultant to
fall within mid~half of base.

(b) Loading II - Storm condition with water three feet from top
of the gate, uplift as in Loading I and resultant to fall within mid-
third of base.

(¢) Loading III - Water down, gates in pockets unjacked, and
HS-20 highway loading in two lanes over base slab.

13



(d) Loading IV - Water down, gate closed, 50 1bs. per square
foot wind load from landside.

(4) Concrete Abutment Design. Stability computations for the
gate monolith and the various conditions of load are included in
Appendix A. The base slab has been divided into a series of four
6-foot wide strips for analysis by computer program "Effram" -Analysis
of Plane Frames on Elastic Foundations, Program No. 713, DOF 7110.
The analysis allows a more economical design of base slab than would
result from assuming a rigid foundation. An example of one strip
checked for several conditions of loading has been included in the
appendix. The other strips will be investigated for the various
loading cases in determining the reinforcing of the base slab. The
gate pocket monoliths extending to the riverside from the gate mono-
lith will be designed as free standing flood walls and have not been
included with the gate monolith in stability analysis. A contraction
joint separates the gate monolith from the pocket monoliths.

(3) Steel Gate Design. The skin plate 1s designed to span
continuously over the supporting 16" wide flange members. A36 steel,
painted, is used for the skin plate and framing members. The skin
plate is 5/16" thick. The top and bottom horizontal members are de-
signed for the skin plate reactions Plus the axial loads imposed by
miter action. The axial loads are then taken out directly to the
concrete abutment through the hinge fittings. The intermediate hori-
zontal member spanning between vertical end posts carries only skin
pPlate reactlons. Torsional stress effects in the gate leafs were
investigated and found to be of no consequences however, diagonal
bracing of gate leaf is provided to eliminate fabrication deformation
and to provide torsional strength.

g- Pumping Station.

(1) General. The station is located in back of the protection
line. The roof, operating floor and portions below grade will be con-
structed of reinforced concrete. The walls above grade will be con-
structed of 4" face brick backed by 8-inch thick concrete masonry units,
The outisde dimensions of the superstructure will measure 24'-9" x
17'-5". The intake and gravity discharge chambers will be 4'-0" wide.
Flood discharge will be by two 18-inch pipes carried over the dike.
Plate 5-9 shows details of the pumping station. Typical design sections
are included in Appendix A.

(2) Roof Slab and Superstructure. The roof slab will be a 5-inch
Structural slab of uniform thickness overlain with fi11 concrete to
provide slope for proper drainage. A 5'-0" x 11'-Q" opening with
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operable hatch will be provided in the roof slab to facilitate removal
of equipment from the operating floor. This will negate the necessity
of providing a crane and attendant framing within the building. The
roof slab will be supported on concrete spandrel beams and by interior
beams framing the hatch opening. The beams in turn will be supported
by the concrete masonry bearing walls.

(3) Operating Floor. The operating floor is a reinforced con-
crete slab and beam construction. Beams form the opening at each of
the pump locations. The slab is designed for a live load of 340 lbs.
per square foot which allows for the possibility of equipment being placed
on the floor in other than its design location. The beams are designed
for a minimum live load of 100 1bs. per square foot plus equipment
loads and pump thrust.

(4) Stability. Because the structure is located behind the
protection line, not subject to flood loading, the stability analysis
consists of a buoyancy check considering the station to be empty and
the water outside at a ponding elevation of 121.0. A factor of safety
of 1.8 against uplift exists under such conditions. A maximum bearing
pressure under the entire base slab area of 1,200 lbs. per square foot
results from the assumption of maximum loading within the structure
and minimum groundwater condition outside. During the preparation
of contract documents, various conditions of unbalanced loading within
the structure will be investigated.

(5) Substructure. The exterior substructure walls are designed
as vertical slabs fixed at the base slab and laterally restrained at
the operating floor slab. The walls separating the intake and gravity
discharge chambers from the pump chamber are designed as restrained
at the operating floor and fixed at the base with a full water load
in the discharge and intake chambers, with the pumping chamber empty.
The base slab is designed as a two way slab restrained by the walls
resting on it.

G. MECHANICAL DESIGN

14. GENERAL. Plate 5-10 shows the general arrangement of pumps and
other mechanical equipment, and Appendix B shows pump computations and
curves. Electric service 1s not considered adequately reliable at

the station for electric motor drive.

15. PUMPING EQUIPMENT. The pumps will be driven by diesel engines
through right angle gear units. The pumps will be vertical, fixed
blade, propeller or mixed-flow type of standard construction using
steel columns and discharge elbows; cast iron, cast steel or steel
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plate bowls and suctlon bells; cast steel or bronze impellers; stain-
less steel pump shafts; and bronze bearings. Each pump shall be
provided with its own individual electric motor driven centralized
Pressure lubrication system. All pumps will be capable of operation
against all river stages up to the top of the dike.

Trash racks are not required as all inlets to the drains leading
to the sump are adequately screened.

Two pumps will be provided with each pump having a capacity of
23.3 c.f.s. (10,500 gpm), two~thirds of the required station capacity,
against the standard project flood with suction sump at high water
elevation. Each pump will discharge over the top of the dike. Two
sluice gates, one located in front of each pump, will seal off the
pump sump except when opened for activation of the station. Cates
willl be sized for an entrance velocity of approximately 2.5 f.p.s.
with all pumps operating. A sluice gate will be provided on the
river side of the dike to close off the gravity flow conduit.

1€, SLUICE GATES. All sluice gates at the pumping station will be
seating pressure type of standard cast iron construction with bronze
seals. Electric motor-operated floorstands will be installed for
operation of each gate. Floorstand will also be provided with a hand
wheel for manual operation.

17. SUMP PUMP. An electric motor-operated wet pit type sump pump
will be provided in the pumping station for dewatering and for
handling any leakage into the sump.

18. HEATING. The station will be equipped with an oil-fired warm
air furnace thermostatically controlled to maintain inside tempera-
ture at 559°F. In addition, a humidistat will override the thermo-
stat to operate the heater as necessary to maintain the relative
humidity at not higher than 50%.

19. VENTILATION. A small fan with duct work will be provided for
ventilation of the sump. Another fan with duct work will provide

air for combustion and c~oling for the air cooled diesel operated
emergency generator. The pump diesel engines will be radiator cooled
with each radiator ccnnected to exterior wall louver by duct work

to prevent short circuiting of cooling air. Inlet louvers will be
provided for air supply to the radiators.

20. WATER LEVEL INDICATORS. Indicators for both the station sump
and the river water levels will be provided in the station. The
Sump water level indicator will alse incorporate controls to provide
for automatic shutdown of pump diesel engines at a predetermined
sump low water level. An alarm will also be sounded at shutdown.
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H. ELECTRICAL DESIGN

2]. ELECTRIC SERVICE. Electric service will be obtained from the Boston
Edison Company at 120/208V, 3-phase, 4-wire. The service will be extended
from existing lines on Watson Place overhead approximately 450 feet

along a new access road to the pumping station.

22. INTERIOR ELECTRICAL FEATURES.

a. Wiring System. All conductors will have heat and moisture
resistart type insulation and will be installed in rigid steel conduit.
Layout of the electrical system is shown on Plate 5-11.

b. Communication System. Conduit will be installed for use by
the New ngland Telephone Company to provide telephone service.

c¢. FEmergency Lighting. A battery operated emergency lighting unit
will be provided.

23. ELECTRIC LOAD DATA.

Item Connected Load Demand Load
Furnace 2@ 1/3 HP 2@ 1/3
Generator Fan 1/8 HP 1/8
Sump Exhaust Fan 1/3 HP
Grease Unit 1/3 HP 1/3
Sump Pump 1 HP
Floor Stand 2061 HP 1
Sluice Gate 2 HP 2
Lighting 2.6 KW 2.6
Receptacles 1.2 XwW
TOTAL LOADS 10.2 KVa 6.7 KVa

A 10KW, 3 phase, 4 wire 120/208, 60 hertz diesel englne generator
set is proposed to hardle emergency demand loads.

1. CORROSION PROTECTION

24. CORROSION PROTECTION. The steel sheet piles near Stations 6+50,
19420 and east of Concord Street are the only metal materials embedded
in earth. These piles are driven completely in undisturbed earth which
consists principally of sandy fine silt, silty fine sand and gravel with
cobbles.

The pH of a soil sample in boring FD~2 was 7.8. As these founda-
tion materials are considered non-corrosive, further tests were not ccn-
cidered warranted. The sheet piling will not be painted or otherwise
protected. This action conforms to instructions contained in Guide
Specification CE-1409.
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SUBJECT A LLE oc ¢ ROTECTION
COMPUTATION i

COMPUTED BY CHEGKED BY oare _AVS. 19774

T e e
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APPENDIX A T | L
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suBLECT LRV AR R TV VR T e T S
computation 7 EE  TYPE Eioopume. -~ 5/‘.&_422'& - (J’I'E_ZLQ_

#e

. - ij - za)_
COMPUTED By Al A cueckED By _ J#c DATE Ml{f
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SUBJEGT

L apal
L S2EIXO Ay lte & LocAl  RayrECTiall
comrutation __ 7 S Ty le Feooow e =

L - es i tes e W S ariw ey

7
GORPS OF ENGINEERS, U.S. ARMY PASE ’l_}_.f

S7a__Z+f

computen BY AL LY. cHECKED BY __._‘JAC'

——

LOADING CONDITIONSt- #1--WAIE] [0 iOP OF WwALL

DATE _&(Lé“l.fzﬂ—__ .

#2-~WATER 10 3 FI BELOW TOP OF WALL
#3--N0 WATEA,SOPSF WIND ON LANDSIDE
3 Fi SURCHARGE (L3)

ALL UNIES POJND=-=-FEET
INSTRUCTIONSt-=-===--
l. 5El MAGNIIJDE 8, ODECIMAL 2
2+ CONTAOL MODE = aJl0, PROGHAM MODE = AJTO
3. SWIICH,ANSWERS ONLY ONs,AJIOMATIC TaB
4. AEADEALPUNCHEOAJILO
S« TO CLEAR: HESE[ MEMORY,((=
ENTER FOLLOWING ITEMSt=n==
PROJECT NAME =OAAUNVILLE
S TATION =§+8Q
D ATE =48UGJST 1974
HEIGHT OF WALL (FROM BOl. OF BASE) =27.5
WEIGHI OF CONCREIE 2159
" " WATER =625
" ' EARIH (50U8) ab2.5
" " EARTH (DRY) =185
COEFFe FRICTION =e65
LAaTERAL ACTIVE EARTA PRESSURE KA =.33
HEIGHI OF EARTH RIVERSIDE =4
moe " LANDSIDE =17
00!.0.....&02
DIMENSIQONS(FEET) t= ===~
WIDTH,BASE = 26.73
" SSTEMeTOP = 15
" »STEM @ [OP OF BASE= 3.07
" L»BASE & HEEL &% IQE = 15
" LBASE @& STEM = 3.07
HEIGHT s STEM = 24.42
" +STEM TAPER = 9.48
" »STEM STRAIGHT = 15
HEEL TO RIVERSIDE SIEM = 16.03
TORE TO LANDSIDE STEM = T.62
CONCRETE ONLYz-w===~
LOAD# DMOMENL#FIL
c1 = S496 .42 92275.94
cz2 = 6014.37 80383.92
C3 = 1890.23 20210.81
Ca = 898B.16 19445.33
C5 = i111.22 20071.11
ce = 72397 12723.26
CONC= 1613441 245110.38

CUBIC YARDS/LF OF WALL= 398
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SUBJEGT s A

GOMPUTATION u?fﬁ?ﬂf A g

COMPUTED BY /‘? L. o

CONDITION #]i=-ew=--

CREEP RBATIO=

INSTRUCTIONS twevmmmm ==
+VERT#

CONC= 15134.4

WRrl = 24487 .1

WEARZ= 1575 .1

ER3 = 5942.7

WELI= 13268.3

WEL2= T48 4

wWEL3= 926 «0

WEL4a= BB3.9

Ji =

Ja =

PWR =

PWL =

PRL =

PP =

S5IMS= 53966.2

SUMv= 23384.494

S UMH=

5UMM=

H/sV = odl

M/J = 20«1FT

3BPL= 2205 «0P5F

5BPR= ~455 J4PSF

IF SBPA Is NEGATIVES

BRGL= 19«7FT

CORPE OF ENGINEERS,

U. 5 ARMY

Ll LoV FRorE. ~ald
Fleowtr wrmet - SrAa. 270
CHECKED BY A _ DATE _(.".’!.-:Q .
416
SET DECIMAL 1
-~UERT# +HORIA# “HOAIZ# +MOMENIT#FT
2451103
196366 .4
B421 .1
47656 «
3J04113.1
18310547
17210.9
16197.1
35220.5%
5361.3
23532.8 . 216634.1
11199.7
2980.3
%41
40581 .8 236324 14180.0 1069815.3
I452.7#
AT709SB.6#FT
THEN 5BPR=0 & 5BPL= 2365.3P5F

PAGE "/&/

Vs

~MOMENI#FT

4707329
477702

5346540
16888.4
0

5388567
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Lt A Wl Lo FTOTECT oM
TYPE _froar) whdt — SR Z+rfo

SUBJECT

compuTation _ 2 iS4

comeuten oy MLAE ___ GHMECKED BY ,MQ_B_C___ . _oare A A2
CONDITION #2 W/ ACTIVE PRESs t=-===--= R — N
C REEP RATIO= 5.8
I NSTRUCTIONS t===== SET MAG &, DEC 1
+VERT# ~UERT# +HORIZ# ~-HORLIZ# +MOMENT#FT -MOMENT#FI
CONC= 16134.4 ¢ .o . s 245110.3
wRI = 21479.9 s .. e 172251.2
WRERR= 1575.1" .e ' o B421.1
ER3 = 5942.7 .e L) LR 47656.1
WELL= 13268.3" . . . 3041131
WVEL2= 748'4‘ s s . e 'Y 1810507
WEL3= 9260 ° e ve . 17210.9
WEL4= 883.9 .o . .. 16197 .1
Ul = *e 332721 LY . s . 444692'3
U2 = as 3829-5, s . e .s 3‘121'6
PWR = .o . 187578 - .o 153188.8
PWL = .o .o .o 10580.1 . .o 59954.1
PEL = . .s s 29803 e 1668884
PP = ‘e . ) 00&41 .0
SUMS= 60959.0 37101.6 187578 13560.4 982254.8 555656 .6
SUMV= 23857.44
S5 UMH= L ' 5197.3#
SUMM= . . . ae “2659802#FT
l"l/u = -2
Msd = 17.8FT
SBPL= 1797 «2PSF
SBPR= -12.1PSF
1F SBPR IS NEGATIVE, THEN SBPR=(Q & S5BPL= 1797 «.2PSF
B RGL= 26 +SFT
CONDITION 43 gev—ee=- -
NO CREEP
+VERT# -VERT# +HORIZ# ~HORIZ# +MOMENT#FT -MOMBNY#FT
CONC= 16134.4" . .e -s 2451103
WER2= 1575.1 "~ . - .e 8421 .1
ER3 = xlsas.s\/ .o LI ] L 95312‘3
WELLl= 13268.3 v o s . 3041131
WEL2= 748.4 . se .o 18105.7
WEL3= 926 « 0 .s .o . 172109
WEL4= B83.9 va .o . 161971 _
PEL = L .. L) S9606 L 337768
PER = .« e .. 1670-6 .'./ 5011'8
PWNDz * 0w *e . 525.0 L 11681-8
P S5UR= ) ) .. 2103.7 L3 ] l?BSi'B
SUR = 3447 .0 -w .e o 762994
PP = .e L) .e 00&41 ‘0
SUMS= 48869.0 16706 85893 785782.2 63340.0
SUMV= 4BB69.04
5 UMH= P ~6918.7#
SUMM= s .s ve P 722842 2#FT
H/V = =-a1
Msv = 14.7FT
S5BPL= 2410.0P5F
S BPR= 1246 « 3PSF
IF SBPR 1S NEGATIVE, THEN 5BPR=0 & S5BPL= 2726 «9PSF
BRGL= 35.8FT
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SUBJEGT ) “)ﬂ?\ie-'i-“.’v.v Tl gD 4_Q£‘AC. g?ﬁ""df{;ﬂz} AL
compuTation  L.£Z¢E Wf’ﬁ__f‘:égaacmgg," SrA 2ZAfLO ﬂ_ e
_._COMPUTED BY E‘-_f‘f_ S+ in e CHEGKED BY _!”9 _EA,,,,,,__ . _ DATE qviJ.‘u_,/_ZZL _
STEM DESIGN: <o X 4"
X MEASURED FROM [0F QF STEM @ 1/5 PT'Ss REINF @R+ S+FACE, Se5'"MIN COv.
A FT SHEAR# MOMENT#FT D gREQD* D GIV" SHEAR,PSI REINFX10
~24 44 12944 .8 130998.1 29.3 33.3 32.3 27.2
=195 10185.2 74261 .1 22.1 23.5 35.9 21 .8
-l4d.5 66550 32774 .4 14.6 14.5 38«2 1546
~Fe7 2983.1 9715 .6 79 14.5 171 46
~4.8 745 «5 1213.9 2.8 145 4.2 «5
TOE DESIGN3 '
X MEASURED FROM L.5. TOE @ 1/3 PT*'S, REINF @ BOT FACE, 4v&"™ MIN COV.
=76 ~14774.0 =36050.4 154 323 38.0 Te7
=50 ~-913%.6 =17217 .6 10.6 26.0 29.2 45
-2.5 42139 =4600.5 55 19.7 177 1«6

HEEL DESIGNg3 4
X MEASURED FROM R.Se HEEL @ 1/3 PI'S, REINF @ TOP FACE., 3+ MIN COV.

~16.0 69367 ~74237.6 2240 3343 173 154
-10.6 6578+.5 =36801.4 i%.5 37.0 20.2 Y9ed
-5.3 345449  -9007.7 76 20.7 13.8 3.0
STEM DESIGN: <¥S= T
X MEASURED FROM TOP OF WALL @ /3 PT'S,REINFOL.S«FACE,3+5"MIN COV.
X FT SHEAR# MOMENT#FT D REQD' D GIV" SHEAR,PSI REINPX!0
=24.4  -5524.3 -39208.9 16.0 33.3 13.8 81
-16e2  ~1828.7 -9265.1 78 17.0 Be9 ‘37
-8.1 ~406+8 -1655.4 3.3 1445 2.3 .7
TOE DESIGN3 e
K MEASURED FROM L.S. TOE @ 1/3 PT'S, REINF@TOP FACE IF +M, 3+5"MIN COV.
=76 2384.7 729045 6549 3343 5.9 1.5
-5.0 1275.3 2707.3 4.2 27.0 3.9 6
-2.5 4804 5434 1.8 20.7 1.9 .l
HEEL DESIGN: e
X MEASURED FROM R.S. HEEL 8 1/3 PI'S, REINF@BOT FACE IF +M, 4=5'MIN COV
=16+0 =6628.1 39025.9 160 32.3 17.0 Be3
“10.6  -3243.8, 13155.3 9.3 26 .0 10.3 r;.5

~5.3 ~1034.3 22410 3.8 19.7 4.3 .
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COMPUTATION _ZEg‘_M Aiooph WAL ~ D74 SHS5O /Qﬁf 32 /.ﬁe‘_m
computen sy A2 2 A OHECKED BY 4 < wre Aua [f24 —

4= — b
1 I : : |
' e 137.0
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SUBJECT .
GOMPUTATION __ .
GCOMPUTED BY

CORPS OF ENGINEERS, U.S5. ARMY

LOADING COVDIIIOVS:— #1

#2
#3

ALL UNITS IN POUNDS AND
I NSTRUCTIONS t====~

#1
#2
#3
¥4
#5

ENTER FOLLOWING ITEMS:

ﬁVL0JCh;r
SravtlioA)
HEIGHT OF WALL (FROM BOT.

WEIGHT

~
L]

OF CONCRETE =150
" WATER =62.5
”- EARTH (SJB)

GHEGKED

DRk N Locmi &amcm_ .

‘?2:§h=__Zlaga_qugaao__auiﬁﬁm__JSzéL_ _zuaa_______
3

Y

i
2
[N

Dare &M& .

WATER IO TOP OF WALL
WATER 3 FT BELOW TOP OF WwALL
WATER DOWN SOPSF WIND LOAD ON LANDSIDE

FEET

SET MAGNITUDE 7, DECIMAL 2

CONTROL MODE = AUTO.»
SWITCH.»

ANSWERS ONLY ON.

READER & PUNCH @ AUTOQ
10 CLEAR: RESET MEMORY.,

=62+5

S L OO Pﬂ-a?'lc'f/lﬂ/

S5¢50
OF BASE)»=31

LATERAL ACTIVE EARTH PRESSURE KA=.33

HEIGHT

”
"

DIMENSI

OF RIVER SIDE HORIZ.
** EARTH RIVERSIDE

L1 "

(3] (2]

sesssaseee (P
seserncseask02
sssssnesaedl
..I...'lll&oa
..........&02
.....'....&02
....-.....&02
sssssssnse(2
escesnsene&2
+» = 0000

eesnceeesal(2
rasoseseeek(2
ssensesnsank(?
ceensvesenveX(2
srvveeansaf(2

«+ Q000

ONS (FEET)i=w==--

W1DTH BASE

HORIZ.
WIDTH O

”n "
”

HEIGHT

L1

”

T HICKNE
1

HEEL TO

TOE *

PROJ OF BASE
F STEM @ TOP
" @ "

=85

OF BASE

BASE @ HEEL & TOE

OF STEM RIVERSIDE

LANDSIDE
TAPER
STRAIGHT
BASE SLOPE
55 OF BASE AT R.
" e (1] L.
RIVERSIDE STEM
LANDSIDE "

" [ 1]
" "

L1

STEM
STEM =

# N HKEHUENN RN

RIVERSIDE STEM=4.0
LANDSIDE =85

PROGRAM MODE = AUTO

AUTOMATIC TAB

({=

PROJECTION OF BASE=4.5

sevenssesalD2

275
4.5
15
3.12
15
25 .00
24.77
977
15.00
Q472
3+186
285
1650
787
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PR T
L.L. -S7TA .5+5'0

PAGE _M

comeuren oy ki CHECKED BY g-ﬁ (' _oare AU 1?7%_. _
C ONCRETE ONLYt===-
LOAD# MOMENT#FT

cCt = 5575.00 57143.75
c2 = 1195.06 10703.91
€3 = 2475.00 13612.50
C4 = 1558.33 1142777
Cs = 371250 71465.62
ce = 2062.50 3403125
C ONC= 1657839 198384.82
CUBIC YARDS/LF OF WALL = 4.09
CONDITION #lt=e==-
C REEP RATIO = 232

+VERT# =VERT# +HORIZ# ~HORIZ# +MOMENT#FT -MOMENT#FT
C ONC= 16578.39 198384.82
WELLl= 4181.13 16453+53
WELZ= 432.87 3641+98
WERLl= 2062.50 34031.25
WERZ= f4382.81 96421.87
WR1 = 25781.25 49628906
WR2 = 2320.31 51046 .87
WL1 = 418113 16453453
wL2 = 432.87 3641.98
Ul = 24568.92 33782267
ug = 14356.16 263196+ 34
PW1l = 30031.25 16850868
PW2 = 4467 .07 1489025
PW3 = 4218.90 996130
PW4 = 2465.19 T160.81
PRI = 9709.74 32365.83
PR2 = 91i70.31 2165214
SUMS= 60353.27 38925.08 30031.25 30031.25 963621.02 808901.95
SUMV= 21428.19"
S UMH= =-«00
S UMyM= 154719.06
M/ = 722
SBL= 1889.30PSF
5 BR= =330.89PSF
IF SBR IS NEGATIVE THEN SBR =0 & SBL = 1978 .49P5F

BEARING LENGTH= 21 «66FT.

CRSE I, -Passw& Kesisravce [Px) CALECL. .

fr Fego? 970 +9/70 =

/F,Eo"o*

\ ol A pmoox. 062551002 +Kpe *.06LS R 10X 4735 /R

=1

3.0 A, ok

fp #PBYD = 3./0 &



- -

GONFY OF THNOINCERD, V. D ARAWY

ROl ul el L Ol _PROTECT IO, o

SUBJECT

[g . T SN

COMPUTATION ;__.‘Tﬁﬁ{__ .-KYM__&QQD_MLL_-."%ifSQ___. e e

GOMPUTED BY _&H

CHEGKED g" _;A C

CONDITION #2%

— DATE Mﬂﬁ_._

il

CREEP RATIO = 2485

© +VERT# ~UERT# +HORIZ# ~HORIZ# +MOMENT#FT -MOMENT#FT
C ONC= 16578439 198384 .82
WELL= 4181.13 16453.53
WEL2= 432.87 3641.98
WER1= 2062.50 34031.25
W ER2= 4382.8] 96421.87
WR1 =  22687.50 436734.38
WR2 = 2320.31 51046 .87
WLi = 4181.13 16453453
WLZ = 432.87 3641.98
ur = 23208.52 31911719
ug = 12458.23 228401 .04
PWl = 24500.00 112972.22
Pw2 = 421973 14065477
PW3 = 3985430 9409.74
Pwg = 213929 673481
PR] = 7280.06  24266.86
PR2 = 687561 16234.08
SUMS=  57259.52 3566676  24500.00 24499.99 895142.89 692869.08
SUMV=  21592.76
S UMM= 202273.80
M/ = 9-36
S BL= 1535« 94PSF
SBR= 34+43PSF
IF SBR IS NEGATIVE THEN SBR =0 & SBL = 1536 «+68PSF
BEARING LENGTH= 28+10FT.
CONDITION #3t====-
WEIGHT OF EARTH(SAT.)=125
HEIGHT OF EARTH LANDSIDE PLUS SURCHARGE=10+5
NO CREEP

+VERT# ~VERT# +HORIZ# -HORIZ# +MOMENT#FT -MOMENT#FT
C ONC= 16578.39 198384.82
WELL= 10329486 40649491
WELZ2= 1069.44 8997 .85
WERL= 4125.00 68062+50
W ER2= 8765.62 192843.75
W IND= 713.88 13663.04
PEL1= 2970.+00 11880.00
PELZ2= 233750 551909
PEL3= 459.92 1447491
SUMS=  40868.32 6481.31 534481.88 696700
SUMVU=  40868.32
S UMH= .. ~6481 31
S UMM= PLI0ME 527514487
H/V = -+15 . .
MU = 12490 ) :‘” Seore s #3250 0 C';;i; 3;‘0'”7
- e - Ay 2 .8 g .

SBL = 1759 .24PSF o 'LT{, —~20 9572 4795l
SBR = 1213.00PSF la 275 5',‘,7(,,“&__-. 0.322 57?13‘ . e ‘
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wbieT IR XON VI LS. DGt f’ﬂa?"ﬁc_ﬂd'\/
COMPUTATION TELE TrrE Eioxpel L, £, 577?
compuTED BY AL . . .. CHEGKED @Y ,..:-f;d( I

CASE 1 LOADING - STEM :

ENTER FOLLOWING ITEMSt==-=

HEIGHT OF EARTH ReSe =24.0

HEIGHT OF WATER ReSe 22540

HEIGHT OF EARTH L+Se =845

WEIGHT OF EARTH 26245

DIST D IN V LBS M FT LBS

0 = 33,05 34+05 18951.17 160869436
1/5= 5400 23.05-@4~08 12373.67 83185495
2/5= 1000 }3.5044+80 7031.25 35156425
3/5= 15.00 13 2044e50- 3125.00 10416466

C ASE 3 LOADING =~ STEM

ENTER FOLLOWING

WEIGHT OF EARTH =125

HEIGHT OF EARTH LeSe=10e5

HEIGHT OF * ReSe=4+0

HEIGHT OF WIND LOAD =16.5
0 = 23.05 -3i4-06- 2768490 21337.42
1/5= 5.00 232.05.-84-+05- 1448.,90 1083757
2/5m= 10.00 12.5044.50 825.00 5568475
3/5= 15.00 1250 4450 500400 2500.00

CASE I LOADING LANDSIDE BASE

ENTER FOLLOWING ITEMS

LENGTH OF BEARING =21.66

BEARING =1978.49

HEIGHT OF WATER =31
" "  EARTH =8.+5

WEIGHT OF EARTH =625

DIST D IN V # M FT LBS

S TEM= 2171 29v7t =-10018497 =-42641+40

1 /3= 2.6222,3 ! —pavg3t -7223.95 ~19904.29
2/3= 5.24 16 9° 4 8+50- -3884.29 =-5214.21

CASE 3 LOADING LANDSIDE BASE

ENTER FOLLOWING ITEMSt

WEIGHT OF EARTH =125

HEIGHT OF EARTH =g8.5

BEARING P (HEEL) =1213.00

BEARING P (TOE) =]1759.24

S TEM= 211 89w =-2299.82 =10903.64

CASE 1 LOADING RIVERSIDE BASE

STEM= 33,50 350 833143 75883.82
1/3= 5.50 Z6.838F«B3— 6763+86 3816123
2/3= 11.00 20. 3416 3931+53 1054792

CASE 3 LOADING RIVERSIDE BASE

S TEM= 32 .59 34eB8  ~-4052.76 =18909.75

1/73= 5.50 Z25.83.87+.83 ~1193.61

-11221.87

roe Al

S+50.
. OATE ﬂﬂé_j_zzi‘_

AS SQ IN V #/5Q IN

346 3.28 42.05
-39 2.4%
+v&d- . 15
-as H. 52

ea3- 4%

-~
| Y

30
R
B

#/5Q 1IN
~3153

AS SQ IN V
~—v96- {03

— 55 -0.60
-18 ~-0.20

—lp— (.26

v .52 22,59
-oe 0.95
-3 0.35



7

3/ -0

’
K J L

o

+

25

T CORPS OF ENGINEERS, U. 3. ARMY
svsoecT _ SAXCNI/LLIE _LCCAL LPROTE CFT/OA

compuTaTiIoN _ 7/ WAL L @ STA ST+50

COMPUTED @Y J-A C CHECKED BY 34(‘

.

RN

:t“*

=

—
-
F-

i1-é

- e
. P

e L e
f -



27 Sept 49 CORPS OF ENGINEERS, U.5 ARMY race B18

SUBJECT . . Sq"’oﬁﬂ.{“-f—f A..QQ?L-_._ZDJ_‘QM"_C.Z?JA/

GOMPUTATION éM.ELZ%L M%MM ﬁua_&’d&é_/f S
COMPUTED BY @.&Q&Méﬂk/_ GHECKED BY _ JRF paTe __H_ZG_LZZ{L N

[

r Ee. /842

N W o

SAek s Fapd

—rw

S U

|
|

W

|

Pkl S1OE

L

o g_;;i\}ﬁms -

BanR) M6 |Sum Vas 9%
. : "

- Lo , B s
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COMPUTED BY K&é_ﬁ_ e —.. OMECKED BY

SAXQUIAE li . Lacel . SR CTress
compuraion S oACRE ’?f_.@dﬂ,l__ LA o (0 _SEBKONI ¢ _QAL___M . o
Q& - DATE M L

oy _AMLI7

i ; i '
%sumjrmw.s‘ ; d/ SHr = /28 %" ! D
4 Sua 62,5 Mgt AN
Ao £ 0.3% :, |
(_/‘ : = B&OJ 7;1/@ ;;0, 3577 -
' ,sgsf'-_,_'i. “7E ;’7'
Mo T PempOT_
s o ”—;/9 ” (”) ! \
\_\‘Yga,—@'“—”
(4") dogi— : ' !
‘S"r}qmwry &’ Aﬁuosw: 7ee () fosic 7o Tor o= NPT L
LD 54 C707% & t = |~ ldeyagl - L B
Co | 0.150x Hoxzrais | 234 clesst T Dusy
Ce | Qussoe 1.5x 7.7 | 473 r L ey < ez
<3 8 /lax ‘r‘,ox?z‘v,}&' 3 - o &4 ‘J”
Cy | Otson 2,.0% 2.5 3,56 - IR X 16,81
| & QLN 275 0x0-8 | 0,94 - '-I?‘ , 204
Pt q-f-‘ﬁrn. Zx 0.8 3.5 Fto | (s -
P..uz_d;s9 A N 0. 8 . ' ’6 i bl{? _-'(.-1_6
Ol a3 98 ENT-N A8 | /058 | |
el @l - ?¥x 0,5 hee | 5.3’( + 7,4’% 1o+
i -+ + — . oy
I 10.87 |#87 | 215 | .86 | seyz ity 17
Lo = 5.9 | Z.37 : Aq.aa |
ey Z.39 - e.xrr - SRS

f/ﬂ/zv I‘ ?'a/ (XTI

| L' & = 4:74‘;' ~234 ¢

23

&p = SIF L S fexpdied
o N 2

iRz 239

.54 = 247

T ;
/A g0 ;:..J(f.e;é ok
. N

82,63 2 O 54; ; . .

- & ok
BP. Jes : /—/? /D’ Y r—;“ '
ﬂP“fd‘b‘&&?‘/h S

RO DS S S
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DT @ity > §.0x 0.5 0.6 |67 3o, |
Pwi| 0.0~ p8x 0,5 2./3 2.8y |  6.03 '
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CORPS OF ENGINEERS, U.S. ARMY
susseet _ DAXONVILL E
comrurarion __L~Wall STA. I+ 8S — 19420
coweureo av _ M RE oneoxeo oy __ [N LA are Au®, 1974
I-wALL STABILILY T T
FIND MINIMUM PENETRATION (A)

FIND Z DISTANCE

G IVEN WEIGHT OF SOIL,WATERsKP»KA,HEIGHI OF WALL ABOVE GRADE & T.W.ELEV.

BY C.M.TERZIAN B8JULY66
LOADINGt==mmm== RIVERSIDE WAIER [0 TOP OF WALL
LANDSIDE WAIER Al aNY HEIGHT

GRADE EQUAL B0TH 51DES
DRY AND SUBMERGED PAbaIJE PRESSURE CONSIDERED DUE {0 1-dq

1
aLL UNITS POUND-FEEI . ! |
WGT OF EARTH(SAT) =125 gg
Ka =e4]

AP =246

WGT OF WATER 2625

WALL HG[ ABOVE GiaDmn =10 Y
L.5. WATER TO TOP WALL=10

GUESS PENETRATION (X),(>ACIJAL)=2

Xs 245 KP = 2375 5+96

[(PPRs~ PALS)GRPPLS -PARS ) 04 B
= e

FIND KP aND Z WHEN PENETRATION (X) Is GIVEN (MUSI BE > MINIMJIM)
LOADING SAME AaS ABQVE

G IVEN PENEIRATION (X)=25

Xs Zs» KP = 25 627 2.33
!
I
FIND POINE OF ZERO SHEAR(DISE.DOWN FROM GARADE) =X0 FT
F IND MaxXIMUM MOMENT = FT-LBS
FIND 3ECTION MODULUS FOR FS=20000P51 a5M CU-IN
X0, M, 5M = 14.50 6023749 36.14 ‘ ]
!
. Qe '
P PLD= 292.124 30157 125x 246 -
b non L6 .06< 153,72 G252 ® USE PZ-32 (5.M. = 38.3w3)
PALD= 5125 WITH  25'-0" PENETRATION g
P4alLS= 25+62

END -

L e AT LT T
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77 Sept 49 cones or-sn‘o;utcrns.r U S, ARy mee 427
SUBJECT SAXOU vitLtE | ‘
comrunanion __ St ree ¥ Gate - s7eey GCR7e  Desien (2)

COMPUTED BY \\&f: CNECKED BY T4 DATE Mg
TRY _EQuaL__ SPAcmG  Bemeen | Beams A 4 ©

L
A4

e E———r—

! VIY.I . i’ i
Y

g~

D

R, 70625 « 10 = /.06  K/pT? S
Po 0625 n 425 -~ .27 1 , S
B 0623 x V.50 <= -,41 |
_,ea k1 _06 25 n 3‘70 - '54 f. ‘ 't

FAXED END MoMewuTs

FeMma- yszb x 1 xVa

Fema = LDV w.f4, FA

ﬂ B .
FEMAR * .06‘x3.2§2+ ,_2_{_1?_»__2_51 ‘ . 06 { /1 o

12 30 : ¢ -
FEMAL - *, /3 KFT Al L= 325 Vs

y o ¥

FEm@A- 06 x%35"+ , 2/x3.2¢"
12 o

FLmB =", /6 KFT | - o
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suser _ SDORONYWLE,

GOMPUTATION Sheee Gate ~ Syesl CAars O£s5/3n (3
COMPUTED B SRE GHEGKED BY Tk DATE _Lﬂ-i_.mﬁ__,

Femee: .27x3.35 » -20x3.25"

/2 20
FEMge = "o 34 K-FT

FEMQn: RTx¥3.25% 4 R0x325" 2 1 Lz 3as’ b
/2 _ 20 ‘ d L b L j
FEI’7¢'¢5-"_-34 Ketb T
| T lsa
FEMe _ﬁg(n 54+.41) ‘ - o
& C-4 } ' [T i i . :
FEMe /03T % o A
; .- i y
. A wln. IB" | c -
o / [(s6] .50 | [ v o ] .
0l | 413 r, /6 |- 3 r.34 [-,37 oo
===l ¢ 0 |M0778 03|77
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Computik  MODEL
SPAN 3
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CASE | - UNBALANCLH Lonl DISTRIBUTED  PROPORTIOL ALY 10
THE AF FLAEY Loans (NOT CRATICAL)
Chse 27 UNBALAMNCED LOAD  DISTHIYOTED AS A UNIFTORW
LOAD, { COMPOT & AMALYSIS 7o  Foctow')
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supscr  DAXONY /L L £ i L
computation - TARL LT GCay: '__3/-7\555 SeAG AR YELS m LOALING /- CAE &
<R F pate AuG. 1974

COMPUTED BY GHMEGKED BY  __

- - a - . e ey

s DATE 03/21/74

#4 TIME ‘11t35: 45

‘SECTINN 1

SAXNNYVILLE, CONCORD STREET FLOOD GATE

SPAY 3 (6 FT. SECTIGNY RASE flLab

LTADING 1- S5TN™M CONDITION

NUMETER OF NOLES = 273
SIMPER OF ELEMENTS = 22
JUMSBER JQF LOADINGS = 2

(RESTNAINT CODE®* =1 SPECIFY RuSTRAINT, =0 SFECIFY LCAD)

RESTRAINT SPECI1 FIED DISPLACHIENTS
NODE CODE X=CO0R Y-CAGR X Y R3T
1 100 0. Ue 0. G 0.
2 g 5. 00 O 0. & Ue
3 0 7.00 0. 0. 0. 0.
4 0 7.50 G 0. 0. 0.
5 0 14.00 Ue 1Y 0. Go
& 0 15.00 O G. 1 0.
7 G 19.00 i} . 0. 0. D
3 0 24.20 0. 0. Q. 0.
9 0 28 .20 1 g. . 0.
10 0 33.50 U 0. d. 0
11 0 35.50 0. 0. G 0.
12 0 37.50 0. G J. Go
13 ] 39 .51 . Ge Je 3.
L4 0 41450 0. Ue 0. Q.
15 3 45 .3 0 g G. 0. G.
16 G 50 .50 G . 8. G
17 0 IR 3. G. 0. 0.
1:3 1] 60-00 0. ﬁo 0. G.
15 i £5.00 G« 6. B 0
26 0 65750 J e 0. 138 0.
2l 0 66 .00 Je G g. 0.
22 0 70.00 0e 0. 9. 0.
23 i 75.00 0. 0. 0. 0.
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compuTATION _ 2 TREEN GATE - ProE slnlg PR N~ LOADING (; S
COMPUTED BY UR ¥ GHEGKED BY

EE
it #
* #
* %

DATE 03/21/74
TIME 11: 3545
SECTION 1
LOaADIN 2

CASE 7=

I [L; i ER OF

SPECIFIED

NODE FX
ZL '29-[0{1

20 51.500
23 “54350

ELEMENT LOADS

LOAD TYPE #

U o N
DN -

LIST FR 1

END CORE  #

DISTANCE FROH

B

NODAL POINT LOAD CARLS =

NODAL POINT LOADS

COLUCENTRATED LUAD
UNIFORM DISTRIBUTED LNAD
CONCENTRATED MOMEN
TRIANGUL AR DI STRIMNUTED LIJAD

NODE 1.

ONLY FOR LOAD TYPE 4 #+#

=0 NODE I VEIGHTED

=1

NOLE J WEIGHTED

LOAL TYPES

INBALAVYCED LOAD DISTRILUTED UNIFORMLY

M0
247. 700

'43‘5- 300
Ul

P S

1 AJD

mare _AUG, 1974

3 ONLY

T

—

4

R
| i
I

i

4
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-

comeutation STEEET  GATE - BASE 2 LAB AnHLysS, logpmlG L, N A5
cowruteo ay NEF CHEGKED BY oate ALG. 1914
ELFEMENT NOLDE LOAD MAGLITUDE DIST FR 1 DINC-CADL:
I J TYPE GF LOAD /EJD CIODE ¥=2 / Y=|

i 1 2 2 -5.340 0. 1

2 P 3 2 -11.030 0. i

3 3 4 ] -45.290 g. 1

S S 6 2 -l1e9 70 0 . 1

6 5 7 2 «l.970 0. 1

7 7 3 2 -44+330 G i

8 8 ) 2 -3,.,330 0. 1

9 9 10 2 3.150 g. i

10 16 11 2 ~-4+930 G. ]

11 | 12 2 -4 .950 0. i

12 iz 13 2 -4.930 0. 1

13 13 14 o ~4.9810 0. 1

14 14 15 2 3. 160 0. 1

15 15 15 2 -3 330 0. 1

16 16 17 2 -%,330 0. 1

17 17 13 2 -4.970 0. i

13 13 19 2 w4970 0. 1

19 19 20 2 -6.290 0. 1

29 26 21 2 -3.03¢0 O, i

21 21 292 2 ~11.030 0. 1

2z 22 23 2 220 6. 1

*% DATE 08/21/74
#% TIME 11:35: 45

*% SECTION
##* LOADING

ELEMENTS ON AN

ELEMENT

DR N IRT I NS VR

1

3
[

SPRING

I

«763077E+01
B36445E+0 ]
+A55557E+D |
64779 SE+01
«A10159E+01
«S4R1T73E+D
494331 E+01

 W43998BE+0]

ELASTIC FOUNDATICHW

PRESSURE
J

«B385445E+01
«555557E+01
«BUTTISE+D ]
«610163E+01
« 542173E+0!
&5 4331FE+01
« 439939 E+01
«4048395E+01
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comeuteo av _JKF CHECKED BY oare Ao, /914
; - e . | T U SO
; i . 2.1 1,i“ ; 3
L ! — b : ; Lo I
B - . i . l
3 «40 439 5E+D 1 ¢ 371559 E+( 1 o '
10 « 3715693 E+01 + 353873 8E+01]
11 « 353873 F+01 «3SB042E+01
12 «358042E+01 « 35491 4E+01
13 « 3549 14E+(1 «3541395E+0t
14 «354]136E+(Q} «35377A4E+01
15 «363774E+01 «330019E+01
15 «330013E+01 40349 RE+]1
17 + 408 496 E+ 0 1 «A435703E+0G 1
18 24357098+ 01 «ATA202E+0 1
19 «A473202F+01 «S03337E+G 1
2y +503387E+01 .S00325E+01
~1 «509335FE+]1 « 5306178+ 01
20 « 530514 F+21 «S32111E+D1
NUMERETY TF ITERATIONS = -1
ELEMEST ZONE LIMITS OF INTECRATION (MaAX=11)

> e

W PR AT T T T W TR Y

| BERIY Ue
2 (DD Ge.
3 0ODC D
4 0ODD G
5 0Obb (.
5 (DD C.
7 0ODD 0.
3 ODhL 0.
2 YR (.
19 3IpL Oe
1Y Q0D e
172 DD Ce
12 ODpo Co
ta ODD G e
15 72Dt e
14  ODD 6.
7 DD 0.
19 L G
19 0ObDD Go
23 0Oopp i
21 Apn 0.
22 ol Te
1
[ L £ i & ' I

L e I T T e T e O e PO O T R T v T

5000,
2000,

«5005
2.500.,
5.000.,
4.00G0,
5.20U,
L. GGG,
S« 306G,
P. 000,
2000,
240060,
2,000,
5.200.,
4,004,
5.200,
4.000,
. 000,
566G,
«S00G,
C.000.
el 0,

I T
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COMPUTED BY JgF ORECKED BY DATE 2 {
N S ey oo - — e
END ACTIOQNS WITH ELEMENT LOJOADS d
ELEMENT AXIAL 1 SHEAR 1 MOMENT 1
AXTAL J SHEAR J MOMENT J
l -160050 -000 DOOG
16. 050 -9 .540 25. 445
2 =162 050 F.557 -25. 447
]6-050 --392 35.995
3 -16.050 e« 156 -35.313
160050 “‘1-011 36-605
4 ~45.150 « 720 211.122
450150 "0708 ‘2990139
5 ~45.150 . 7T11 209.139
45.150 -4.529 -~194.373
6 =45. 150 4.538 194.373
454150 -5.461 =173.5%5
45,150 13.602 -193, 498
8 -45.150 -13.601 193.502 :
A45.150 30.047 -290.330 g
9 "450150 ‘300047 280 0330 ’
454150 -7.201 -340.093
45-]50 '4.586 ‘328.275
11 -45.150 4+ 591 . 328.279
4S. 159 -1.342 -321.832
12 -45.150 1.845 321.834
45 .150 «994 -320.975
13 =45, 1580 -.991 320.974 .
454150 3.870 -325.834
14 =45. 150 -3.970 A25.828
45.150 -31.333 -251.948
45.150 -13.369 -16175%9
is -45.,150 13.369 161.7610
17 -45.150 -9 . 478 152.284
45.150 12.492 -196. 585
18 -46.150 - - ~-12.491 -394 +58 6 . .
454150 1 4. 539 -265.045%5
19 "45-150 ‘14-541 265-0&4
45.150 17.999 -30%5.849
20 5.850 -13.14]1 -128.358
-50550 17 ll-l06 119.471 N .
21 5.850 -17.255 ~119.621 wo
~-5.,850 °8.920 73.372
22 5.350 -28,922 ~73.377 i
«8.8 50 000 ~-. 081 L
R A .4 R T S N N O Y O O O 1 ! S
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SUBJELT Smuvlﬁi

GOMPUTATION S iy TE -~ &As SLAR AnALY S!S, LomOing ! Case 2
14 GHEGHED BY vare A, 1914

COMPUTED BY

SAAN : 3 (Tvricac Caccvenrien) -bor .&;’@“’”5"&“)
/N | - |

119.6 (NBOE 21, CASE 2

MAaximMom  Moment +) -~
Maximura Moment (=) = 345 .8 (NoOE 20 , chsE 2. |
MAxsMum Shear = 3. % (Noo€.\S | CASE ' Z )
b= & FT. ' | '
¢ @AseE 7
d = ZS’. 5” Mg. - M - :_P_‘_ﬁ

. Y .
P= -qs5.2 % Ms r 3218 -.45.2 x(0'5
Vo= |, 8 % ‘ | _ 12 J
M* ~32L8 wet Ms » 282.2
Mc:= d*bx As < + __e_

‘ q—'_%l Fs

Mec - (5.8 x 6x 52
Mc: B593.0 wifrn 23208 4
. < = 't
l4‘\x2.55' k

Age 9D (BF &)
Ase /677 /n"/FT.

FACE  ©F AGUTMENTS

M¢ = 305.8 - _a?(@._a)_ﬁ)

adr 255"
P= <452 o0 Me - 278, & k.fFr. < usg
V- -14.68 ¢ /5 |
M= -265.8 Ms- 215.8 - 433S
¢ - 5930 wFr  Ms- 2362 kv |
As: 2362 & 45 . ‘
194 x 25.5 - 20 . -

As - 8,69 in?* (6 Fr. SecTON)
As = (.48 0% (i FT. Sqic_r'lla,w)
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Momant (Tvpcne Gave.-Nor (DATRO s 32|

R

COMPUTED BY

Maximum  Posimive

o= 235" 5 |
Ms - 196 + 58 8.5 1
P- 5.8 x ; T% :
V-3 K M:),' l23.'7 I
M= 119.6 k-FT
As = ‘ - 58
20,

MC.-" 23.§2K6x .‘5?- |-4 ~ 05
Mc= 503.6x-Fr. 21196 20K
As* 982 ja* (6FT. SECTION)

As - |64 (a7 L1 PT sesnae)

Magymym  SHeAR  STRess
Vmax: 3. B% |
b- Gxid: 72*

d" 23-8‘”
- 3180 | |
'72x2;_-5 . -

Vs 1B.8ps. € 0.0 psi e OK
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EL.20.0 f '{”- n : - e €..l32.8 ""'--.f.. _i..* ‘
l_SL_L N - e 1
=z . N - —t...: u9.2¢ B |
2 . F
ss=12.6 8 b ! ~
L5% 23,677 e» -0 I
- t o !
22183 EL. 1LY e! £ /2.3 £ 4 —
$3 Ji & d}j | S
s [ . | o
N 1 * |
_ 2% j -

-~

-

Assume ONE-wAY  ACTron (WeR7.) | Wit WAL FIRED AT
THE 80T Tom AND  HINGED AT T Te P

Ave. £i.=129.0 ’

h:0.33
Et 124,09 ‘gum 'q?%;ﬁfd
IR 1 ‘ b P
EL.Fal. o T 1 Yoot €2F pe
g |
" |
e ‘a . |
™| 3 : :
i g I !
& 2.0% ~ 1
A . "-. LT3R

T
A, : 00625 {1210~ 13,9) = o.'-\(js?m | |
H: 33062 (1A4.0-13.9)= 0,19 Asf - -
2, 4 70.63 Auv
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27 Sept 49 GORPS OF ENGINEERS, U.S. ARMY rast fﬁﬂ}‘

comuranon PUMPING  STaTion -Woall _ DesweN L)
COMPUTED &Y \IRF CHEGKED BY \"' /4 C " DATE e%__mﬂ..__ﬂ . —
|, S.0° | 2.25° "
be
063%sF ] T T T T T T T e
4
4e’ v
i /11.38° e
' "1
M 4,327 o~
Vs 2.10 .17 o
AM/;_ + 0. 24 . “.5:3& :

Vv 2.48% 0.39% «
V=0 5.6/ &t From o’ < | o
M@E) = .75 RFT Jer.
Flomienr AT 7o _oF  BASE _ SLAG
MV 432 - 1 (298)09) -
MEYys 3,08 K FT

AsE) = 2,08 |
.45 x11.5 . '

As(=) = .48 in* 7 use ®= 4@

As (vYy+ _IL1S
1. 45 xt¥. S

As@ = 0./0 w2 uvse & 9@, |
Man, syEEL = K00 (bxd) = goggtgt_(d) - 6o

“Fy 40,000 |
(.} Ag (al), use
7.5 45 % 6@ (2"
s .69 #* 8@\

/3.5 LBl W@t S 1% wells use HE2

i
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NED FORM 223 NEW ENGLAND DiVISION

27 sept 49 CORPS OF ENGINEERS, U.S. ARMY raGE ‘*-'J—

et - 2RAQMVILLE
COMPUTATION ____ﬁ&mwl Y TUMPING SITATION

COMPUTED DY L4s ONEOKED BY oatt e“i m,;-_ .
- .ESIAT}ag gSIGQ CRT"HSiqxil . K l : _ LV ‘ + |

35—(‘.‘95 . . L :--—-1,‘* oy
Desiqn flood <lew. o . 138.8

Top of d'ike | C 1355”
Tevert of disch qr‘a ﬁupe 1365
Sucﬁon chawber high Jaker, (Pump Strart) 121,07,

low v (Pump StopX 117.07]
2 pumps (Eo.ch-h:: hqncf\e 2/3 of ¥otal

gugP stagn Couwr;gu ToINT

35x2 = 23.33 ks = 10,500 Gpm. | -
D\im ol disch. = /4x2333 - 151H = 1888 jo,
Tf*j 18" € 20" d\acjnarge ;!.2;;’ i - B ‘ ; |
Head ® Q = 10,500 gpw o

-ZQ-
H WSud‘lon +o W?Q'Q' dlscSn Plpt ' 138.00 - (FA. l-lt

. 138.17- 12t . | ; n;
Veloc_a‘\"_\! head 274 Q
'Dlsc«‘n- \pe. lass -y 33 )
| Totol Head 26.06' | 224
. Ly
8,000 j0.09 184 . 320 €54 |
lO 000 lz.m ) 2‘7 4 5; 5¢1? i 1.
10,500 13.22 2.14 .32 206 . i
12,000 1510 3,56 812 LM L
) 4,000 17.30 4,84 A 16,00 i
16, om 20.20 632 14,88 gt
. { i ' 4 . ?
| SRS
Sy B T
. . 1 $ | l Cd
. B_q’ ' i [ VO - i __b j B}

Ko
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY _ oace M -8
SUBJECT .. .. ... LS ARG Yk LE _)_P_L--i;;_:;lf,,,_ [ FloTEwTION
COMPUTATION . o e oK O Y kde LM K TR VOMN

.- DATE 5%7_3‘__ -

< ySTEM LOSSES ~ 20" Disinanes ©be

Gpm vel Vel Hd Hee hi Tco-ia[

a4l
GOMPUTED BY 4 4\ - GHEGKED BY [

£.000 GA3 0.58 1.22 1.80
8,000 8.7 .04 2.5 3.19
0,000 10.20 .62 3.3% 456
10, 500 10.732 | .80 3.68 5.48
j2,ueh 12,20 233 4.7 .00
14,000 14.30 3.8 6.44 9.62
16,000 16.30 4.15 £.42 12.57



NED FORM 223

NEW ENGLAND DIVISION

1

27 sept 49 CORPS OF ENOINEERS, U 5. ARMY ' mee Mo 3
anect . DOONY. b RL. JCTIQM
GOMPUTATION _S_QXMME_LQG StTAaTIiON '
COMPUTED BY _ GHEGKED BY : DATE _&%‘_Jﬂ'___
Sommey | 7T UTTI
—— == mﬁn‘pj == EJ!: r —l‘r et ‘ﬁz
Model Curves Diam EPM !Canf 1 Max | )
| 1 b HR  HB gt A
PiaTe 18 | SRR IR SN S A
L8 572, | s | el . a7 il
Pmn;l&)xb T R RN
18" ipe Di 17.24 o800 |.. 23 | i 99 -+
20" :Z.:.?l. iz, | oeo a8 o+
PLaTg 20 R R B
!B'PAFEDnd': .J g0 | 106l | 29 . 99 t2
20" v, | a,z', 3z el | Bl ,}a
PLaTE 21 I R R
8"PtpoD|sd~. 461 |  1es | 107 e |+
20" h - 14.36, :zq5 . 10§ . 103 +2
Computations and curves pages, M- 4 '!rhru M-9
show -\;bgd- Q? qxqu {ouw st\m;::gwﬂ-& éf;zs" impel le.r'
operating 1977 RPM usi an 18" dise R fipe
satistaeforily meety r qqtreg erity_and wiﬁﬁj
5elec.hon u‘ra.hon.f and curves Qre tnely | :
show heod ~ ity and horsgpmaer R ey 'n;hs __;
F 20" discharqe pipe over dike 1% uged. u b%,‘ |

e P ump horspomu'

20" dli

same. Size e m.: w | sl

i
S
sale

rements are P\Q

sc_horg dT _____

tnt:; &

MASJ&M
18" and, aa‘gﬁ' an PIW%

il

vhons W ‘
!8 d (ge plpmq 1S V. g \q:aa\ ol
tion. S ST S RO
‘ 3 !
| ! ' - b i o
4 S L P s # PR . f [
4 r T i I SRR
r : Eo pe , 4 S
Co P : | L :
o B3R L L



NED FORM 223 "~ NEW ENGLAND DIVISION

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY eaae M=%
supseEct _ AN ONYICLE _M_ﬂ_s_s_._ IR W < Y = | W & -

COMPUTATION _?mmm&g CUMPING  STATION
COMPUTED ®Y 1’5 OMECKED BY DATE Aug.'l‘?—

VALQES From CuryE - PLATE \8

—t _Hm | Pm
11,250 3.0 109
Max . Ef 13, QOO0. 25.5 98

14, 250 20.0 g8
15, 200 15.0 78
16,050 100 68

16,800 50| 57
Values ot cond.pt. 18" 12,850 | 2601} 99
¥} 13,700 | 2261 93

AcTLAL MODEL RATIOS
—

18" Pump Discharge MR . 10,500 - 0.817 ; MR = 0.204
| . Tr2,e%
0" - " MR . Q200 _ 0.766 ; MR= 0.875
13,700 ‘

PROTOTYPE YALVES

18" Pump Disch. | Qe | H 1 Pp ’
o 2,190 | 31.0] 89
Cond. P+ 10,500 | 26.1 ] 8
Max. E¥. 10,620 | 25.5] 80 .
/1,640 20,0 72 : .J
12,420 15.0] ¢4
13,110 100} 56
_ [3,730 501 46
20" Disc
B8..20 31.0] &4
Max.EFf 19,960 | 255 7%
Cond, T+ 10,500 | 22.6| 7
" 10,920 | 20.0] &7
11,650 15.0] @0
12,300 | 10.0] 52
i2, 880 501 44

<
L
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27 Sept 49 CORPS OF ENGINEERS, U. 8. ARMY et

supsEcT _iaxm.zm.ﬂ:z;. _Mass, Loeal 0 PRorecTION
COMPUTATION SAKQMNYLELE  "UMP MG STATION

COMPUTED BY T {i GHECKED BY DATE _e#_li____

| T S i
"1 A PLPE ; e . o S
Nz 974 = 1077 e i T S B .
|

0304 . : . .o i 1‘_ 'i -
Twnpeller diam. = 17.96 % 0. 04 = tcng.s n | L

From plotted curve | L -
Q= IOSOngm | .
P® rafed Q = 8| HP L
BHP regunred bﬁ pump ¥

+ioze £
Loss \n reduct. gear +4/, *
X

8
BHP at engine couphng P2 PGantmmus’ﬁxtsngl |
44

Prax (Lc»/: Water) * 85 : 4.
iO ° . = 24 ‘
- Loss in reduck gear +44 1 4
TBHP otdngmd Coupling. = 28H PxL mﬁw HIF)**
20" Discua®E Pipe | o | _r
Ne 274 = 113 rpm
0.875 | , . S
TImpellerdiam. = 17.9G x 0.875. = 15.72 10 ¢ A
.F’mm p\offed curye | | |
= 10,900 gpm
1’@ roted Q c 71 HP
"BHPreqylA by pump r 7l
L4 7& . ‘ ; !
loss in reduct.clear +4% =
BHP atengine uping = smP(Conmum.\s%mgl
Py CLow Woker ) » %
Flok * 34 oy i .
Loss in redud" gear +47% ¢ s
THP af engine coupling -+ amP(Mm.mm HP) p
o
= bt
S R | ?“ ;
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY race M=G
susecr SAXONVILLE  MAss. Locarn . ProrEction
GOMPUTATION __ .. . __ _ SAxonviklE PUMPING STATION

COMPUTED BY _ _ _ - ____ CHEGKED BY DATE G._ME‘__?A_ﬁ

Suctiorn Hd = +1
20" DistHARGE T2pE

Ns = 112/ 990 o =788 rpm
2. 5 74

Suction Hd, = +I




Pace M-

.ﬂ.‘f. -y + +.Hl¢+| i e o ‘f
“ I A = £
; 1 bt 11
3 1 S -
1T £ SEp A g bps, r
¥ ! iL.:J, T
ppfung pu e pe dunehng 115
13 anendgugd ys s HE T
HH SEasiass jasans E3EE30 IVE!
SPSE JANES pEEal FUSTD RS B e e R n bt R
Hrid it oy 1T H
nnu ppp ! g ap u T R FEpRY EAE-T:
i H R AR PR AR T P R
szt s i i fess ki litd HEE a:
(e - et iRsl BBt 1 4 s
T =]~ 3 N IR . )
3% SRSREprubt FERERIE SESRS SEOOE S0 I . ‘.wﬂrm..u 1
hnsy . [B FEREE A il 4 3
i+ TRRERAPAS SR Bulpy S + M t it :
+t T H : T
1 WERRER < :.Lwhu - B
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serasas faasaivae g AR
It 1p g i PO
Hifnh b s IS e pics Lasey (hch d5s0d
ekt Ree] BT H LR 422 e
p Suin fuun) SRRIY P pRES " I
- o..T..lT.qu [ e I f
|5 aunwh AL S ARl Ba minekh NP oE I ot
= Tu;..—f.LT»TL 13 Eaal I
i bl b el FEURs SARSE I o :
53 Pl ULH [APRg SEUAA I L
g -t 4101 1 l
pegpugss gu g0 ST
Hi e EE ¥ fiy
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e 111519
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b At
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27 Sept 49 GORPS OF ENGINEERS, U.S. ARMY paoe M —1U

sopvest SAXOMVILLE _ﬂiﬁLwL—ML PROTECTION
COMPUTATION SavalvVibliE: "TAAPING StaTioy

COMPUTED BY r’ﬁi GHECKED BY DATE A_@,‘_Jj-______

VALWES FRoM CURVE - PLATE 19 |

m Hem P
9,600 325 98
10,350 30.0 28

1

Maox. E$£. 11,700 250 &
|2,750 20,01 7
13,550 15.0 69

14,250 10,0 59
14,800 §0{ 48 |

Values at cond.pt. 18" 11,400 | 26l | 88
" e v 20 12,200 RR.6 8&

18" Pump Dfschar‘ae MR =

09221 ; MR=0.260

e 11,400
20" " " MR = _1Q.500
12,200

0.86) 4, MR: 0928

_PROTOTYPE YALVES

18" Pump Disch L Ge rt e
. 2

8,840 | 32.5| %0
9530 | 30,0| 87
Cond, P+1. 10,500 | 26. | 81
Mox. E€f. 10,780 25.0| 78

1,740 20,0| 7
12,480 15.0] ¢4
13,120 100 54
13,630 501 44

29" Pump, Disch.
8,260 32,5 84
8,210 | 20.0| 82
ax, EH. 10,070 | 250! 73
Cand. Pr. 10,500 | 226 70
10,970 | 20.0| &6
11,660 150 592
i2,20 | 10.0| 51
12,240 501 41




NED FORM 223 NEW ENGLAND DIVISION M———\.t ]

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY oz M~
et SOKONVIMLE  __ MAss., bOC@im TRoTBCTIONM
COMPUTATION SWMM
COMPUTED BY ____,iffs___ GHECKED BY DATE _Q&L—
18" DiscHARGE Pirs T - T -
Nz 1037 = 1080 rpm .
0.960 | . ‘
Trpeller diam = 17.96 x 0.960. =_i2.24.in T
From ploﬁed curve | | |
= 10,500
TF;@ rqi‘ed Cfe; 81 WP .
HP Y‘Egulr by pump |, = 8t
| 7 A = 89
Loss in reduct. ear +4% % 4 o
BHP of €nginé coupling | .y P3MP (camtinuous Roting)
(Low Water ) '= 8 B
max '1"0/ I @ L
Loss in reduct.gear +4% = 4 L
BHP af engine coqphng = O4P(Max imiwn HF)
i .
U= 1037 = 1HIFPM | o o
. 0928 , : . S
Tropeller diam. = 1796 x 0,228 = 16.e7in . S

From p)oﬁeﬂ curve | oy
Q = ip,%00gpm B |
P@ vated c% ngo HP ‘ .
BHP re | u
‘t‘/ Y pUmp

Loss in reduct. gear +47
BHP atengine coupling

70 N
77 o

mHP(Cmfmuou* ) '

# oy ow

i

> o (Low Woder) = 78
+ (0% = 82 , .
Loss in reduck gear +4% = o
TBHP cd'ergmc Coupling . = 85 HP{Mauiro umHP Ju

. ?'
.W& R R e

_QQJ Q780 . lo,pia. rpm; S e f[ ;

'250% S C e .
- — . o .4 B_ ”, i b a4 . R S GpE



. 2T Sept 49

CORPS OF ENGINEERS, U.S. ARMY

PAGE ML‘_B'_
smiecr SAXONVILLE . Mass.  Laca.. . TPROTECTION
COMPUTATION ___ __ ___581LQA1¥LL.J.E,’ELLME_UJG &&Ilﬂﬂ - _

COMPUTED BY . _ . ﬂs__ — e ___ GHECKED BY _ R

Suction

HA=+I

20" DiscHARGE PipE

NL = W17

10,070

Suction

25.0 74
Hd. = +!

3-12

e

t

= 10,025 rpm
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NED FORM 223 NEW ENGLAND DIVISION

27 Sept 49 GCORPS OF ENGINEERS, U.S. ARMY ) PAGE .L/I:L&
supvEcT 2AKONNY Y bleE - Mass locemn _"ProreEsTion
COMPUTATION S AXAMNV I LLLE PUMPING SstaTi and

COMPUTED BY d'(*s OHEGKED BY DATE E lg_._] t - —
Vm._ueg Feom CURVE — 'PEATE R0 :

10,000 | 29.0] 10&

12, 1 00 22,51 107
Mowx. E44. 14,600 | 23.5| tof
15,900 20.01 100
17,500 15.0 gt
18, 500 10.0 75
19,000 .51 65

Values at Cord. B 18" | 13,100 | 26.1 | 108
0" 0" b L 20 |4.Wa 22;‘ '05

_ActuaL MoDEL RATiog
\8" Fump Discharge T

0,500 . 0.802 ; MR=0.895

1l

. 13,100
20" » " MR = 0,500 = 0.705 . MR= 0.839
14,900
PROTOTYPE VALUES
18" Pump Disch. | H Fr

8,020 22.0]| &85
9,700 27.5| &G
Cond. Pr. 10,500 | 2¢.1] 8G
Max .EFP. (1,700 | 23.5| 84
12,740 | 20,01 80
14,030 ! 15.0{ 70
14,230 10.0{ 60
/15,230 7.5 S5&

20" Pump Discls.

7,050 | 29.0| 7%
8,530 2751 79
Vax. £1§. 10,290 | 23.5] 74
Cond. Pr. (0,500 22.6| 74
11,200 | 200| 70
12,330 | 15.0| G}
12,040 | 10,0 53 .
12,390 7.5] 44 L i

B-it
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27 Sept 49 RPS OF ENGINEERS, U §. ARMY _ race M-17
supiee! DANONV I bl __j_ﬁ'_éé- QAN _VYROTECTIGN .
GOMPUTATION S AXKONV | Lk VUMIPPING SmJQ!:) U
COMPUTED Y fﬁ CHECKED BY _ oATE _ﬂ_\eg,._lﬁ-____.
18" DiSCHARGE PirE
Nz 250 L 106l rpw

Q.8695
Fump size = 2Ix 0.59% = 18.80 W

Frovs Ploﬁe.d curve
Q = 10,500 gpm
P& rated Q = 8¢ HP
BHP rearu'lred by pump 86
95

L ]

- Lo},
Loss 70 reducet. gear +4%
TIHP at enqine pling

1]

4
99 HP(Continuous Rating)

Fonax (Low Water) = 86
+ 1% = 95
Loss o reduct. qear 442 = 4

BHP at engine coup g 9 HP (Maximuw H.F.)

26" DiscHARGE TPE

N o= 950 = H32rpm
0.83% .
TPuw sy size = 21 X 0.839 = 17.62 In

From plotted curve
Q = 10,500 gpm
P@ rated Q = 74 HP
BHP required by pump
+10'%4
Loss in reduct. gear + 4%
BHP ot engine Coupling

P ox{Low Woter ) 76

+ Uk = 84
Loss tn redycf.geor +47s = 3 .
BHP at engine Zoupling 87 hP (Moximum HF)

74
81

3
84-HP(Corrinuous Rating )

1]

;]

SPECIFIC SPEED

18" DISCHARGE PiPE

Ns = 1061V 11,700 = 10,752 rpm
23.574

317
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27 Sept 49 CORPS OF ENGINEERS, U. S ARMY e M=18
waeer SAXONYILLET . MAss, WAk . _ . PROTERIION
COMPUTATION , ,MS_WLL.LE: '-PLL&E‘L'_\XA S‘Tﬂ'flﬂl\l ———— —
GCOMPUTED BY ﬁé-_ﬁ . .

. GHEGKED AY e DATE Mli_ S

Suction Hd = 12 o
_ZO" v m -P ‘ . . l : ' H

Ng = 113210290 = 10,758 rpm
23.5 74

Suction Hd = +2

’3_ ! & RV m_
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21 Sept 49 GORPS OF ENGINEERS, U.S. ARMY race =24

SUBJECT A g A&j} oAy TPROTECTION
COMPUTATION SAXGOAIVILLE -PMMP”JG STH‘TIO'\)

COMPUTED B j'is GHECKED BY DATE £Iu,g A I&

Max. EH. 7,500 | 36.5| 84,3
8,450 300 81.0
9,000 25.0 | 78.4
2,350 20,0 | 75.0
2,600 15.0] 70.3
2 800 1.0} 64,0
9900 2.5 ¢0.0

Values ot cond.pt. 18" | 8880 | 26.4] 79.2
[ " " n 20“ gjj ' 80 223" . Z‘.ﬂ

Actyar MoDEL RaTios
18" Fump Discharge MR - - 1182 . MR = t.agy
g '—Q%'sa ‘

e e e

\

1

20 : " MR = 10500 . I.144 s ME= 1.Q6%
2,180 ‘
PEOIOTYPE’ @g_ggg
18"Pump Disch  joall il ]
Max. EF 8,870 369} 99.7
2,990 | 3.0] 95.8
Cond.Pr. 10,500 | 26.) | 93.6
10,640 25.0| 92.7
11,060 | 20.0| 8.7
11,350 | 5.0} 83.
11,590 10.0] 75.7
11,7210 7.51 0.2
20" P b
av. E44. B,580 | 3¢.5]| 96.4

9,660 30.0 ] 92.6
10,2920 25.0| 89.7
Cond. P4. 10,500 | 22.6| 87.8
10,690 | 20,0} 858§
0,280 | 15.0| 804
1,210 10.0} 73,2 . | :

11,320 | 7.5) ¢8.¢ | -

B-22 | -



47 Sept 49 CORPS OF ENGINEERS, U.S. ARMY rase Mi=&

subsEct S ARON Y il . Aﬁ‘ﬂ . JmQC AL

Vo

GOMPUTATION ?MMEM SIT ATion)
GOMPUTED BY 'r_é CHEGKED BY DATE a_uﬁ_._l& .
: CAYR) ‘ ;

Max. EH. 7,500 | B6.5! 84,3
8,450 300} .81.0 .‘
9,000 25.0 | 78.4 . !
2,350 20,0 750 : '
2,600 IS.01 703
9,800 0.0} 640
9,900 7.5] 60.0

Values at cond.pt. 18" | @880 | 26.4] 79.2
o W W 20" | 980 | 220] 768

AcTyAL MOQ_EL RaTI08

18" Fump Dn'sdnarge MR - 19,500, . {.182 | . MRz l.agy

) . 88&
20" v " R = 10500 . Ii44 , MR 1.069
9.:‘80 i

18" Pump Disch
Max. E+

Cond. B,

11,060 | 20,0 8.7
11,350 | 15.0| 83,
11,520 | to.0| 75.7
1,210 1 7.5 709

2onp el
piaw. E%. 8,580 | 3¢.5| 96.4

2,660 | 30.0| 92.6
10,220 25.0 | 89.7
Cond. ™. 10,500 | 22.6| 87.8
10,620 | 20,0] 85.8 _ ‘ ‘
10,980 15,0 804 o CoL
14,210 10,0 73.2 . ‘ o
1,320 | 7.5 ¢B.6 L

E)"ZZ" . . ‘ . - _ -
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27 Sept 49 CORPS OF ENGINEERS, U.S$. ARMY

sonror SOOI il MASS, Loca _PrOTECTION
COMPUTATION WMEMG_SI&I&Q
. COMPUTED BY ﬂ"fL OMEGKED BY CATE __a_\g,._ZQ___
18" DISCHARGE PIPE . !
N- 1288 - i85 rpm | | i
1.O87

Tmpeller diam. = 13.438 x £091T = 14.617m .

Frorm p\oﬂ'&d curve S - I
Q = 10,500 gp o
P @ mnd Q= 24 HP

BHP required b pump . : 24 : |
-&lo/a 4 . £ J0O3 o .
Lass in reduct, gear +47% = 4
¥

BHP at enqine céupling 107 HP(Cont inuous Rading)

G
106

4 L
WO HP { Pchei muro Hr;s;g)_-? o

20" DISCHARGE P\PE ol

(Low Water)
ax +{0%
Loss in reduaf gear +a%
BHP atengine Coupling

l"f')

S B T IR

N = (288 . 1209 rpm -
1063 o S
Tmpellerdiam = 13,438 x 1,062 = 14.36 10 S

From plotted curve
Q = 10,500 gpw

Pe@ roted §Q = 8aHP
BHP reguired bupump = 68
+107% . 97
Loss in reduct. gear +4% =
BHP at engine coypling = 10] HP(Conhnuous'Roi-img)
CLouJ\(a*l'er) e % - I
+ 1072 = 99 | T Jr !
loss W reduct gecxr +4/( = rel
BHP atengine coqp g % IOQHF(thmJlH) v
SPEciFIC SPEED o SV

'Ig" DiscHARGE PIrPE | o ;

N - 1185 /BBI0. = 3SISepm b b
 ReSE L oy b

b B‘;zs. N —




727’-‘58;1 49 CORPS OF euomezﬁs; u.is. ARMY moe M-24
sussecT 2AXQAIVILLE .F-‘,w,,-.’&ﬁ.s.}....,__..kgﬂﬂ ProTE<TION
COMPUTATION . — Saxan Vi Mﬂﬁ._ﬂmm [§) .

COMPUTED BY w___..._;fﬁ e GMECKED BY DATE .euﬁ‘_jﬁ'_ -

Suchian Hol = +2

20" DiscHARGE PiPe | , ; | t
Q:&Qﬁ@:?ﬂ@rfda o

36.5%%

Suction Hd = 42

B.. z_qL . p—
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27 Sept 49

ORPS OF ENGINEERS, U.S. ARMY eace M — 28
susiecT 2AXON YV ILLES ass.__lochal, - PeROTECTVOM.
COMPUTATION _ —Sﬁm_lﬂi_l_l_l_f —]:UM"PIUC ST&TI e
COMPUTED BY . 3'1" GHECKED 8Y _ DATE E%A__L\_‘
PuMP OPERATING GyciE | | T
Pipe g*tofc‘»\ge | = 67,474 c»“on:
Sump ik = 32 L8 6 % ;
Total 86,160

Pump cQ.(macﬁ:( = 10,500 8pm

.Opev'cé’fmg '+wn¢,(no fnp\oﬂ) > 80l = 7.6 wﬁinu‘re;
IO 500
Miv 1 uw\gdo Eero.i Mﬁ-c a‘c.c (o rr.\h cd -QL\\ SPQGJ{)

50% wvop c o;cx

Time 4o evr)ﬁ:f\& BaieQ - |5'.3 rivales
52850

Twne 4o V’@tﬁ'ﬂ“

U

80, 6o - 19.3 "
5250,

Tiwe belween engine starfs  © 20,0 vanudes

THhis vs no’f Yo Qrc. evﬁ s’\'ar'\mg of engine,

hc:\.\)c.\fef Purnp |eae;\ cirwcn an mag
'\'ed CC‘ lGuS %Ciﬂ “‘ SPCe SO q‘l" +¢5e mP_

o\c.\_&( c«.\oprommai?: e.s \n 0\0 qu'deswccg\
4o Prac_‘&\Ca\g_ e\.mnnoﬂ’c \W\'C\fmn E\’ﬁ" OPCY'Cd V).

RB-28 ‘o



